Life Cycle Thinking and Integrated Product Deliveries in renovation projects: Extending the concept of Integrated Product Deliveries with Product Service Systems by Schipull Kauschen, Jan
Life Cycle Thinking and Integrated Product Deliveries
in renovation projects:
Extending the concept of Integrated Product Deliveries
with Product Service Systems
Sustainable Innovation 2012 / Alanus University, Bonn / 2012.10.30
Jan Schipull Kauschen
Architect MAA, Dipl.-Ing. (Arch)
CINARK - Centre for Industrialised Architecture + JJW arkitekter, Copenhagen
The Royal Danish Academy of Fine Arts
Schools of Architecture, Design and Conservation 
School of Architecture
OVERVIEW
1. Background and Danish context
2. Market potential for renovation of multi-storey residential buildings
3. Case studies / Political perspective and client requests
4. Integrated Product Deliveries (IPD)
5. Sustainable Integrated Product Deliveries
6. Extending IPDs towards Product Service Systems (PSS)
7. Business opportunities and stakeholder risk-management
Sustainable Innovation 2012 / Alanus University, Bonn / 2012.10.30 Jan Schipull Kauschen // CINARK+JJW
Life Cycle Thinking and Integrated Product Deliveries in renovation projects:
Extending the concept of Integrated Product Deliveries with Product Service Systems
Sustainable Innovation 2012 / Alanus University, Bonn / 2012.10.30 Jan Schipull Kauschen // CINARK+JJW
Life Cycle Thinking and Integrated Product Deliveries in renovation projects:
Extending the concept of Integrated Product Deliveries with Product Service Systems
Background and Danish context
2002: EU-Directive 2002/91/EC - energy performance of buildings
2008: Danish building code adopts EU-Directive - regulations for energy consumption of 
buildings
2011: low-energy classes 2015 and 2020 are announced to provide a roadmap for future 
legal guidelines to the construction industry
30% of the Danish energy consumption can be related to households
SBI1 on energy focussed renovation: 73% potential energy savings in the existing 
building stock
Danish building stock: app. 30% of all multi-storey residential buildings have been built 
between 1960-75 and are awaiting renovation in the near future
1SBI - Danish Building Research Institute. Figures from report SBi 2010:56
Statistical data form DST (Statistics Denmark) 2010/11
Market potential for renovation of multi-storey 
residential buildings in Denmark
56,6 years is the average age of a building in Denmark in 2011
61,5% of all residential buildings are older than 40 years
24,5% of all residential buildings are older than 80 years
33% of the Danish building stock was built between 1950 and 1975 (montagebyggeri)
1,3% of the Danish building stock was built after the new energy regulations came into effect (BR08)
Source: Calculations based on figures from DST (Statistics Denmark), 2010/11
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24,5% of all residential buildings are older than 80 years
33% of the Danish building stock was built between 1950 and 1975 (montagebyggeri)
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Market potential for renovation of multi-storey 
residential buildings in Denmark
56,6 years is the average age of a building in Denmark in 2011
61,5% of all residential buildings are older than 40 years
24,5% of all residential buildings are older than 80 years
33% of the Danish building stock was built between 1950 and 1975 (montagebyggeri)
1,3% of the Danish building stock was built after the new energy regulations came into effect (BR08)
35% of all multi-storey residential buildings are owned by social housing companies (80% owned by 80 companies)
57% of those have been built between 1950 and 1975 (app. 356.000 apartments)
10% of the Danish population resides in multi-storey residential buildings, owned by social housing companies
Source: Calculations based on figures from DST (Statistics Denmark), 2010/11
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Case studies
Political perspective
”The subsidized housing sector should be pioneering construction, and ensure 
the achievement of the highest quality for the best price, not only in respect 
to technical and functional qualities, but also qualities such as architecture, 
accessibility and the minimizing of environmental impacts related to construction.
Owners of subsidized housing units should through their building activity help 
to develop the building sector, help to build-up new skills and promote the new 
industrialisation of the construction industry.”
translated from: ”Byggeriets Fremtid – fra tradition til innovation”
(The Danish Agency for Trade and Industry (EFS) 2000, p.67)
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Case studies
Urbanplanen, Copenhagen (2005 - 2009) 
 Rækkehusene, Brøndby Strand (2006 - )
  Heimdalsbej, Frederikssund (2010 - )
   Fælledgården, Copenhagen (2010-12)
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renovation
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renovation
Case studies
Client requests
Clients from the public sector demand:
economic security (construction + operation)
high workmanship quality (-> less defects)
least inconveniences for their tenants during the construction period
energy savings during operation phase (-> economy)
lifetimes of building components of at least 30 years (-> economy)
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Heimdalsvej, Frederikssund
Oktober 2011
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The Open System (Povl E. Malmstrøm)
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Case studies
Ease of renovation 2050 ?
Urbanplanen Heimdalsvej Fælledgården
construction princicples / facade sections
Heimdalsvej
prefab facade elements are clad with ETIC System on-site
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Heimdalsvej, Frederikssund
February 2011
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Integrated Product Deliveries (IPD)
1. Modules with a specified function
 and specified interfaces to other modules
2. Producer offers product configuration
 (mass customization)
3. Production in an industrial context, allowing higher quality at 
lower costs (possibly prefabrication)
4. Services can/should be included
 (e.g. planning support, assembly, maintenance)
5. The IPD offers a solution for a certain need in a building 
project (e.g. interior climate solution)
 Advantage:
 Reduction / integration of complexity of building products, 
components and services
$
?
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SUSTAINABLE INTEGRATED PRODUCT DELIVERIES
IN RENOVATION AND NEW BUILDING CONSTRUCTION
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integrated product deliveries in the danish building sector
approaches to sustainability
case studies
<1970
kWh/m2a
200
300
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DK average
BR61: max. 360kWh/m2a
2000 
2010 
2015 
2020 
BR79: 180kWh/m2a
BR95: 110kWh/m2a
BR06: ca.85kWh/m2a
LK2: ca.65kWh/m2a
LK1: ca.40kWh/m2a
LK0: ca.20kWh/m2a
percentage of dwellings
after year of construction
1990
1980
100% = 2010 
background (Denmark)
2010:
1.534.526 residential buildings in Denmark, containing
2.539.436 dwellings/appartments
56,6 years is the average lifetime of a residential building
60% of all residential buildings are older than 40 years
23% of all residential buildings are older than 40 years
33% of the danish housing stock was built between 1950 og 1975
30% of Denmark’s energy consumption is related to housholds.
1,3% of the danish building stock was build after 2008. The year the new energy focused building code came into effect.
37% of all dwellings are found in multi-storey buildings
35% of all residential multi-storey buildings are owned by social housing companies.
57% of these buildings are built between 1950 and 1975.
11% of all Danes live in multi-storey buildings owned by social housing companies (2011).
proportion of dwellings
after year of construction
and energy consumption (2010)
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percentage of dwellings after building typology
percentage of dwellings after building typology
private owners
social housing companies
companies
public insitutions
owner-occupied
other
cooperativly owned
row and semi-detached houses
multi-storey buildings
other
detached houses
[source: Danmarks Statistik, dst.dk]
privat - economy, living quality
local - identity, environment, economy [e.g. job situation]
societal - environment, use of ressources, economy
Sustainablitiy in building construction
- differenent levels of sustainability
social
sustainability
ecological
sustainability
economical
sustainability
August 18th, 2011 / Jan Schipull
Sustainability in building construction
- different levels of sustainability
privat
local
societal
privat - economy, living quality
local - identity, environment, economy (e.g. job situtation)
societal - environmental, use of ressources, economy
social
sustainability
economical
sustainablity
environmental
sustainability
the “three pillars of sustainability”
August 18th, 2011 / Jan Schipull
integrated product deliveries designed for renovation projects
pilot projects existing integrated product deliveries vision
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Udviklings- og demonstrationsprojekt 
for industriel baseret kvalitetsrenovering
Projekt nr 255
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mere end 80% af de behov for renovering og forbedrin-
ger, der findes på større beboelsesetageejendomme fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i den eksisterende facade og er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebehandling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guide’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmålet 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male eller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filtse  
den igen – alternativt kan den pudses, males eller  
efterisoleres. Det endelige valg af metode afhænger  
af smag og behag samt hensyn til ejendommens  
nuværende stand, ønske om energiforbedring og 
økonomi.
BM
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’Gennemtænkte løsninger og 
standardiserede metoder gør 
kvalitetssikringen lettere, idet alle  
sagens parter kender procedurerne’
Flemming Wulff, 
Vedligeholdelseschef, Københavns Ejendomme
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energy-efficient building envelope
focusing on renovation 
of 60s/70s prefab housing blocks
highly insulated building envelope
external shafts and building systems
integrated, renewable energy sources
solutions for:
reduction of energy consumption
excellent indoor climate
excellent lighting conditions
excellent housing conditions
(resulting i a better overall living quality) 
August 18th, 2011 / Jan Schipull
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Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guide’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
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energy-efficient building envelope
focusing on renovation 
of 60s/70s prefab housing blocks
ighly insulated building envelope
external shafts and building systems
integrated, renewable energy sources
solutions for:
reduction of energy consumption
excellent indoor climate
excellent lighting conditions
excellent housing conditions
(resulting i a better overall living quality) 
an example
August 18th, 2011 / Jan Schipull
Sustainability in building construction
- different levels of sustainability
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source: Hermelink, A. 2009
energysavings: 79%
profit/m2a: 4,00EUR
energysavings: 88%
profit/m2a: 4,26EUR
energysavings: 93%
profit/m2a: 4,00EUR
minimal
thickness
of insulation,
good profit
most profitable
thickness
of insulation
greatest
energy savings,
good profit
thickness of insulation
[source for calulation: A.Hermelink, 2009]
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Example: Choice of insultaion thickness:
The graph shows a curve where the cost per m2 and year for 
an insultaion material is related to the thickness of the 
insulation. 
You can read from the graph, that the a thickness of 11cm will 
save 79% of the energy consumption in relation to a 
non-insulated construction and thus return a profit of 
4,00€/m2 on the investement per year.
A thickness of 20cm will save 88% of the energy and return 
the highest profit: 4,26€/m2. This would be the preferable 
solution for the client, regarding the profitability of the 
investement.
At an insultaion thickness of 35cm, the profit will match the 
profit from the first option: 4,00€/m2, but the savings are 
much higher: 93%.
How to decide?
Normally the second solution, returning the greatest profits 
would be to prefer when advising a client. But with regard to 
sustainability it can be more correct to use the third solution, 
resutking in the greatest energy savings (while still returning a 
good profit).
If you compared the savings (and assume that everyone 
decided on the same thickness of insulation) - the first option 
would result in an energy consumption of 21% of the current 
energy consumption. The second option results in only 12% of 
the excisting energy consumption, and the third option would 
leave the society with only 7%.
And comparing these figures, 7% equals only a third of the 
resulting energy consumption of option 1 and ca. 60% of 
option 2.
August 18th, 2011 / Jan Schipull
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mere end 80% af de behov for renovering og forbedrin-
ger, der findes på større beboelsesetageejendomme fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i den eksisterende facade og er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebehandling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guide’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmålet 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male eller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filtse  
den igen – alternativt kan den pudses, males eller  
efterisoleres. Det endelige valg af metode afhænger  
af smag og behag samt hensyn til ejendommens  
nuværende stand, ønske om energiforbedring og 
økonomi.
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energy-effici nt building envelop
focusi g on renovation 
of 60s/70s prefab housing blocks
highly insulated building envelope
external shafts and building systems
integrated, renewable energy sources
solutions for:
redu tion of energy consumption
excellent indoor climate
excellent lighting conditions
ex ellent housing conditions
(resulting i a better overall living quality) 
ALTAN.DK - balconies that can be “attached” to existing buildings.
The balconies can be customized and there are various design options 
for the client to choose from. ALTAN.DK is responsible for the whole 
process, from planning to the finished balcony.
RINGSTED BUILDING ENTERPRISE (RBE)
systemized processes for the renovation of brick facades
Bathroom pods are fabricated by a variety of producers and can also be 
used in renovation projects.
NCC - prefab installation shaft
NCC’s prefabricated shaft combines all process in 
establishing internal building installations into rather 
simple modules, that easily can be setup at the 
construction site. 
0:00 min
The prefab shaft is craned into the 
deck cavity.
0:01 min
The shaft is slowly lowered through 
the cavity.
0:03 min
The shaft module is aligned with 
the previous one.
0:05 min
The shaft is placed, installation 
pipes can now be connected 
permanently. 
In other words, if everyone choose option 3 instead of option 1, 
the energy to be provided by(for) a country would drop to a 
third,  while returning the same profit on the investment.
Compared to option 2, choosing option 3 would mean to 
accept a slightly smaller profit: -0,26€, but avoiding 40% of the 
needed production of energy.
In respect to the different levels of sustainability, option 2 
would match with the “privat” level, option 3 would mean to 
accept a compromise, but depicts a better solution for the 
“societal” level of sustainability.
August 23rd, 2011 / Jan Schipull
Life-cycle optimization
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Life-cycle optimization
existing facade add-on facade
selected LCA data for add-on facade (Life-cycle: 50 years):
Primary Energy Demand: 
Non-renewable: 877 MJ/m2
renewable: 217 MJ/m2
 
GWP: 70,34 kg/m2 CO2e.
u-value: 0,16 W/m2K 
Primary Energy Demand: 
Non-renewable: 330 MJ/m2
renewable: 134 MJ/m2
GWP: 27,73 kg/m2 CO2e.
u-value: 0,16 W/m2K 
The shearing layers of change [Francis Duffy / Steward Brandt]
The long life-cycle of a building causes that many elements with shorter lifetimes will be 
exchanged many times.
Their environmental impacts, but also related costs add up and become very relevant 
dimensions in a buildings life 
The building / product life-cycle
The  life cycle of products will gain more relevance inthe future, as we learn to account for the 
environmental impacts of materials.
Reducing the inputs and output and overcoming disposal or incineration scenarios in favour 
of recycling concepts.
DGNB sustainable building certification 30
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Source: Dr. Peter Mösle, Drees & Sommer
in DGNB International presentation
Relation of Primary Energy Demand: Operation - Materials
The relevance of materials for the overall energy balance of buildings
Modern buildings will have low energy demands. In consequence will the contribution of the 
used materials to the overall primary energy demand rise.
For buildings built in 1995 materials only accounted for 8% of the energy demand - demands 
from operational phase were much higher. For future scenarios this picture will change a lot: 
energy demands from the building operatio get lower and the fraction realted to materials will 
rise significantly (from 8% to 42% in the above example)
Optimizing of environmental impacts
With all the gained knowledge on materials and their environmental impacts, building 
constructions can be omptimized in this respect. The above example of an outer wall 
constructed with standard insultation materials and using materials with lower environmental 
impacts. While maintaining the same performance, the related primary energy demand and 
also CO2 footprint drop to about 40% of the standard construction.
August 18th, 2011 / Jan Schipull
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Renovation of URBANPLANEN / Copenhagen, Denmark
Urbanplanen was built in the 1960s, providing over 2500 dwellings 
to the people of Copenhagen. In 2003 it was decided to renovate 
the facades in order to fix severe construction damages - at this time 
energy demand was not in focus, yet.
The renovation project was finsihed in 2009 and the renovated facades 
perform quite well also in realtion to the new building code (BR10). 
But due to a different focus, the energy demand was only reduced by 
20% . 
Architects: JJW arkitekter (jjw.dk)
Contractor: Enemærke+Petersen
SYSBYG Netværksmøde / 7. April 2011 / Jan Schipull
Case studies / Urbanplanen
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Energy demand before renovation:
131,4kwh/m2a
Energy demand after renovation:
109,7kwh/m2a
Haverummet
FÆLLEDENS HAVE                                           
Renovation of FÆLLEDGÅRDEN / Copenhagen, Denmark
Fælledgården - a home for the elderly - was to be renovated meeting the lastest standards for energy 
demand (30kwh/m2a) and not exeeding 2 years of construction time.
The contractor chose to use as many industrial and prefabricated building components as possible in 
order to cut construction time, while meeting the high quality standards defined by the client.
The project will be finished late 2012.
Architects: JJW arkitekter (jjw.dk)
Contractor: Jönsson
Renovation of HEILMDALSVEJ / Frederikssund, Denmark
Heilmdalsvej was built in the 1970s and has since undergone some major renovations.
The current facade renovation project will lift the buildings to highest Danish energy 
standards (30kwh/m2a), using prefabricated wood frame elements, built after 
PassivHaus standards.
The facade elements were constructed in order to be able to exchange the facade of an 
appartment in less than 8 hours - while the inhabitants are at work.
This cuts down on costs for moving people while their building is renovated and it 
reduces the timespan where the dwellings cannot fully be used. 
Architects: Mangor&Nagel / JJW arkitekter (jjw.dk)
Contractor: Jönsson / UNS4
Complex building elements become sustainable integrated 
product deliveries  for renovation projects.
mass produced, but customized building components can be 
used in a great number of similar building constructions.
sustainabiltiy spreads. Integrated product deliveries have 
made it simple to renovate, at defined costs and low risks.
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SUSTAINABLE INTEGRATED PRODUCT DELIVERIES
IN RENOVATION AND NEW BUILDING CONSTRUCTION
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integrated product deliveries in the danish building sector
approaches to sustainability
case studies
<1970
kWh/m2a
200
300
100
400
DK average
BR61: max. 360kWh/m2a
2000 
2010 
2015 
2020 
BR79: 180kWh/m2a
BR95: 110kWh/m2a
BR06: ca.85kWh/m2a
LK2: ca.65kWh/m2a
LK1: ca.40kWh/m2a
LK0: ca.20kWh/m2a
percentage of dwellings
after year of construction
1990
1980
100% = 2010 
background (Denmark)
2010:
1.534.526 residential buildings in Denmark, containing
2.539.436 dwellings/appartments
56,6 years is the average lifetime of a residential building
60% of all residential buildings are older than 40 years
23% of all residential buildings are older than 40 years
33% of the danish housing stock was built between 1950 og 1975
30% of Denmark’s energy consumption is related to housholds.
1,3% of the danish building stock was build after 2008. The year the new energy focused building code came into effect.
37% of all dwellings are found in multi-storey buildings
35% of all residential multi-storey buildings are owned by social housing companies.
57% of these buildings are built between 1950 and 1975.
11% of all Danes live in multi-storey buildings owned by social housing companies (2011).
proportion of dwellings
after year of construction
and energy consumption (2010)
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percentage of dwellings after building typology
percentage of dwellings after building typology
private owners
social housing companies
companies
public insitutions
owner-occupied
other
cooperativly owned
row and semi-detached houses
multi-storey buildings
other
detached houses
[source: Danmarks Statistik, dst.dk]
privat - economy, living quality
local - identity, environment, economy [e.g. job situation]
societal - environment, use of ressources, economy
Sustainablitiy in building construction
- differenent levels of sustainability
social
sustainability
ecological
sustainability
economical
sustainability
August 18th, 2011 / Jan Schipull
Sustainability in building construction
- different levels of sustainability
privat
local
societal
privat - economy, living quality
local - identity, environment, economy (e.g. job situtation)
societal - environmental, use of ressources, economy
social
sustainability
economical
sustainablity
environmental
sustainability
the “three pillars of sustainability”
August 18th, 2011 / Jan Schipull
integrated product deliveries designed for renovation projects
pilot projects existing integrated product deliveries vision
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Udviklings- og demonstrationsprojekt 
for industriel baseret kvalitetsrenovering
Projekt nr 255
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mere end 80% af de behov for renovering og forbedrin-
ger, der findes på større beboelsesetageejendomme fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i den eksisterende facade og er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebehandling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guide’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmålet 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male eller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filtse  
den igen – alternativt kan den pudses, males eller  
efterisoleres. Det endelige valg af metode afhænger  
af smag og behag samt hensyn til ejendommens  
nuværende stand, ønske om energiforbedring og 
økonomi.
BM
PM
FM
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’Gennemtænkte løsninger og 
standardiserede metoder gør 
kvalitetssikringen lettere, idet alle  
sagens parter kender procedurerne’
Flemming Wulff, 
Vedligeholdelseschef, Københavns Ejendomme
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energy-efficient building envelope
focusing on renovation 
of 60s/70s prefab housing blocks
highly insulated building envelope
external shafts and building systems
integrated, renewable energy sources
solutions for:
reduction of energy consumption
excellent indoor climate
excellent lighting conditions
excellent housing conditions
(resulting i a better overall living quality) 
August 18th, 2011 / Jan Schipull
integrated product deliveries designed for renovation projects
pilot projects existing integrated product deliveries vision
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mere end 80% af de behov for renovering og forbedrin-
ger, der findes på større beboelsesetageejendomme fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i den eksisterende facade og er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebehandling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guide’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmålet 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male eller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filtse  
den igen – alternativt kan den pudses, males eller  
efterisoleres. Det endelige valg af metode afhænger  
af smag og behag samt hensyn til ejendommens  
nuværende stand, ønske om energiforbedring og 
økonomi.
BM
PM
FM
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’Gennemtænkte løsninger og 
standardiserede metoder gør 
kvalitetssikringen lettere, idet alle  
sagens parter kender procedurerne’
Flemming Wulff, 
Vedligeholdelseschef, Københavns Ejendomme
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energy-efficient building envelope
focusing on renovation 
of 60s/70s prefab housing blocks
highly insulated building envelope
external shafts and building systems
integrated, renewable energy sources
solutions for:
reduction of energy consumption
excellent indoor climate
excellent lighting conditions
excellent housing conditions
(resulting i a better overall living quality) August 18th, 2011 / Jan Schipull
integrated product deliveries designed for renovation projects
pilot projects existing integrated product deliveries vision
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mere end 80% af de behov for renovering og forbedrin-
ger, der findes på større beboelsesetageejendomme fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i den eksisterende facade og er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebehandling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guide’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmålet 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male eller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filtse  
den igen – alternativt kan den pudses, males eller  
efterisoleres. Det endelige valg af metode afhænger  
af smag og behag samt hensyn til ejendommens  
nuværende stand, ønske om energiforbedring og 
økonomi.
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kvalitetssikringen lettere, idet alle  
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energy-efficient building envelope
focusing on renovation 
of 60s/70s prefab housing blocks
ighly insulated building envelop
external shafts and building syste
integrated, renewable energy sources
solutions for:
reduction of nergy consumption
excellent indoor climate
exc llent l ghting conditions
excellent housing conditions
(resulting i a better overall living quality) 
an example
August 18th, 2011 / Jan Schipull
Sustainability in building construction
- different levels of sustainability
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source: Hermelink, A. 2009
energysavings: 79%
profit/m2a: 4,00EUR
energysavings: 88%
profit/m2a: 4,26EUR
energysavings: 93%
profit/m2a: 4,00EUR
minimal
thickness
of insulation,
good profit
most profitable
thickness
of insulation
greatest
energy savings,
good profit
thickness of insulation
[source for calulation: A.Hermelink, 2009]
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Example: Choice of insultaion thickness:
The graph shows a curve where the cost per m2 and year for 
an insultaion material is related to the thickness of the 
insulation. 
You can read from the graph, that the a thickness of 11cm will 
save 79% of the energy consumption in relation to a 
non-insulated construction and thus return a profit of 
4,00€/m2 on the investement per year.
A thickness of 20cm will save 88% of the energy and return 
the highest profit: 4,26€/m2. This would be the preferable 
solution for the client, regarding the profitability of the 
investement.
At an insultaion thickness of 35cm, the profit will match the 
profit from the first option: 4,00€/m2, but the savings are 
much higher: 93%.
How to decide?
Normally the second solution, returning the greatest profits 
would be to prefer when advising a client. But with regard to 
sustainability it can be more correct to use the third solution, 
resutking in the greatest energy savings (while still returning a 
good profit).
If you compared the savings (and assume that everyone 
decided on the same thickness of insulation) - the first option 
would result in an energy consumption of 21% of the current 
energy consumption. The second option results in only 12% of 
the excisting energy consumption, and the third option would 
leave the society with only 7%.
And comparing these figures, 7% equals only a third of the 
resulting energy consumption of option 1 and ca. 60% of 
option 2.
August 18th, 2011 / Jan Schipull
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mere end 80% af de behov for renovering og forbedrin-
ger, der findes på større beboelsesetageejendomme fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i den eksisterende facade og er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebehandling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guide’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmålet 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male eller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filtse  
den igen – alternativt kan den pudses, males eller  
efterisoleres. Det endelige valg af metode afhænger  
af smag og behag samt hensyn til ejendommens  
nuværende stand, ønske om energiforbedring og 
økonomi.
BM
PM
FM
S38
,1'+2/'B),1$/LQGG 
’Gennemtænkte løsninger og 
standardiserede metoder gør 
kvalitetssikringen lettere, idet alle  
sagens parter kender procedurerne’
Flemming Wulff, 
Vedligeholdelseschef, Københavns Ejendomme
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energy-effici nt building envelop
focusi g on renovation 
of 60s/70s prefab housing blocks
highly insul t d buildi  nvelop
external sh fts a d buil ing systems
integrated, renewable energy sources
solutions for:
redu tion of energy consumption
excellent indoor climate
excellent lighting conditions
ex ellent housing conditions
(resulting i a better overall living quality) 
ALTAN.DK - balconies that can be “attached” to existing buildings.
The balconies can be customized and there are various design options 
for the client to choose from. ALTAN.DK is responsible for the whole 
process, from planning to the finished balcony.
RINGSTED BUILDING ENTERPRISE (RBE)
systemized processes for the renovation of brick facades
Bathroom pods are fabricated by a variety of producers and can also be 
used in renovation projects.
NCC - prefab installation shaft
NCC’s prefabricated shaft combines all process in 
establishing internal building installations into rather 
simple modules, that easily can be setup at the 
construction site. 
0:00 min
The prefab shaft is craned into the 
deck cavity.
0:01 min
The shaft is slowly lowered through 
the cavity.
0:03 min
The shaft module is aligned with 
the previous one.
0:05 min
The shaft is placed, installation 
pipes can now be connected 
permanently. 
In other words, if everyone choose option 3 instead of option 1, 
the energy to be provided by(for) a country would drop to a 
third,  while returning the same profit on the investment.
Compared to option 2, choosing option 3 would mean to 
accept a slightly smaller profit: -0,26€, but avoiding 40% of the 
ne ded production of energy.
In respect to the different levels of sustainability, option 2 
would match with the “privat” level, option 3 would mean to 
accept a compromise, but depicts a better solution for the 
“societal” level of sustainability.
August 23rd, 2011 / Jan Schipull
Life-cycle optimization
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Life-cycle optimization
existing facade add-on facade
selected LCA data for add-on facade (Life-cycle: 50 years):
Primary Energy Demand: 
Non-renewable: 877 MJ/m2
renewable: 217 MJ/m2
 
GWP: 70,34 kg/m2 CO2e.
u-value: 0,16 W/m2K 
Primary Energy Demand: 
Non-renewable: 330 MJ/m2
renewable: 134 MJ/m2
GWP: 27,73 kg/m2 CO2e.
u-value: 0,16 W/m2K 
The shearing layers of change [Francis Duffy / Steward Brandt]
The long life-cycle of a building causes that many elements with shorter lifetimes will be 
exchanged many times.
Their environmental impacts, but also related costs add up and become very relevant 
dimensions in a buildings life 
The building / product life-cycle
The  life cycle of products will gain more relevance inthe future, as we learn to account for the 
environmental impacts of materials.
Reducing the inputs and output and overcoming disposal or incineration scenarios in favour 
of recycling concepts.
DGNB sustainable building certification 30
1 year 25 years 50 years
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Source: Dr. Peter Mösle, Drees & Sommer
in DGNB International presentation
Relation of Primary Energy Demand: Operation - Materials
The relevance of materials for the overall energy balance of buildings
Modern buildings will have low energy demands. In consequence will the contribution of the 
used materials to the overall primary energy demand rise.
For buildings built in 1995 materials only accounted for 8% of the energy demand - demands 
from operational phase were much higher. For future scenarios this pi ture will change a lot: 
energy demands from the building operatio get lower and the fraction realted to materials will 
rise significantly (from 8% to 42% in the above example)
Optimizing of environmental impacts
With all the gained knowledge on materials and their environmental impacts, building 
constructions can be omptimized in this respect. The above example of an outer wall 
constructed with standard insultation materials and using materials with lower environmental 
impacts. While maintaining the same performance, the related primary energy demand and 
also CO2 footprint drop to about 40% of the standard construction.
August 18th, 2011 / Jan Schipull
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Renovation of URBANPLANEN / Copenhagen, Denmark
Urbanplanen was built in the 1960s, providing over 2500 dwellings 
to the people of Copenhagen. In 2003 it was decided to renovate 
the facades in order to fix severe construction damages - at this time 
energy demand was not in focus, yet.
The renovation project was finsihed in 2009 and the renovated facades 
perform quite well also in realtion to the new building code (BR10). 
But due to a different focus, the energy demand was only reduced by 
20% . 
Architects: JJW arkitekter (jjw.dk)
Contractor: Enemærke+Petersen
SYSBYG Netværksmøde / 7. April 2011 / Jan Schipull
Case studies / Urbanplanen
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Energy demand before renovation:
131,4kwh/m2a
Energy demand after renovation:
109,7kwh/m2a
Haverummet
FÆLLEDENS HAVE                                           
Renovation of FÆLLEDGÅRDEN / Copenhagen, Denmark
Fælledgården - a home for the elderly - was to be renovated meeting the lastest standards for energy 
demand (30kwh/m2a) and not exeeding 2 years of construction time.
The contractor chose to use as many industrial and prefabricated building components as possible in 
order to cut construction time, while meeting the high quality standards defined by the client.
The project will be finished late 2012.
Architects: JJW arkitekter (jjw.dk)
Contractor: Jönsson
Renovation of HEILMDALSVEJ / Frederikssund, Denmark
Heilmdalsvej was built in the 1970s and has since undergone some major renovations.
The current facade renovation project will lift the buildings to highest Danish energy 
standards (30kwh/m2a), using prefabricated wood frame elements, built after 
PassivHaus standards.
The facade elements were constructed in order to be able to exchange the facade of an 
appartment in less than 8 hours - while the inhabitants are at work.
This cuts down on costs for moving people while their building is renovated and it 
reduces the timespan where the dwellings cannot fully be used. 
Architects: Mangor&Nagel / JJW arkitekter (jjw.dk)
Contractor: Jönsson / UNS4
Complex building elements become sustainable integrated 
product deliveries  for renovation projects.
mass produced, but customized building components can be 
used in a great number of similar building constructions.
sustainabiltiy spreads. Integrated product deliveries have 
made it simple to renovate, at defined costs and low risks.
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SU TAINABLE INTEGRATED PRODUCT DELIVERI S
IN RENOVATION AND NEW BUILDING CONSTRUCTION
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integrated product deliveries in the danish building ctor
approache  to ustainab lity
case studies
<1970
kWh/m2a
200
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DK average
BR61: max. 360kWh/m2a
2000 
2010 
2015 
2020 
BR79: 180kWh/m2a
BR95: 110kWh/m2a
BR06: ca.85kWh/m2a
LK2: ca.65kWh/m2a
LK1: ca.40kWh/m2a
LK0: ca.20kWh/m2a
percentage of dw llings
after year of construction
1990
1980
100% = 2010 
background (Denmark)
2010:
1.534.526 residential buil ings in Denmark, containing
2.539.436 dwellings/appartments
56,6 years is the average lif time of a residential buil ing
60% of all residenti  buil ings are ol er th n 40 y ars
23% of all residenti  buil ings are ol er th n 40 y ars
33% of the danish housing stock was built between 1950 og 1975
30% of Denmark’s energy consumption is related to housholds.
1,3% of the danish building tock was build after 2008. Th  year the n w nergy focused building code came into ffect.
37% of all dwellings are found in multi-storey b ildings
35% of all residenti  multi-storey b ildings are owned by social housing compan es.
57% of these buildings are built betw en 1950 and 1975.
11% of all Danes live in multi-storey b ildings owned by social housing compan es (2011).
proportion of dwellings
after year of const uction
and energy consumption (2010)
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percentage of dwelli gs after building typology
percentage of dw lli gs after building typology
private owners
social housing companies
companies
public insitutions
owner-occupied
other
cooperativly owned
row and semi-detached houses
multi-storey buildings
other
detached houses
[source: Danmarks Statistik, dst.dk]
privat - economy, living qualit
local - identity, environment, conomy [e.g. job situation]
societal - environment, use of ressources, economy
Sustainablitiy in building construction
- differenent levels of sustainability
social
sustainability
ecological
sustainability
economical
sustainability
August 18th, 2011 / Jan Schipull
Sustainability in b ilding construction
- different levels of sustainability
privat
local
societal
privat - economy, living quality
local - identity, environment, economy (e.g. job situtation)
societal - environmental, us  of ressources, economy
social
sustainability
economical
sustainablity
environmental
sustainability
the “three pillars of sustainability”
August 18th, 2011 / Jan Schipull
integra d pro uct eliveri s design d for renovation pr jects
pilot proj cts existing integrated product deliveries vision
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Udviklings- og demonstrat on projekt 
for industriel baseret kvalitets enovering
Projekt nr 255
,'.RQFHSWHW6LGH
a
b
c
:  max. afstand fra altanhjørne til stolpe
:  max. afstand mellem stolper
:  max. afstand fra stolpe til ydervæg
Fgb_cXUXf_TZXg`bagXeXf`XWgb
Ub_gXZXaaX`fX_iXfgb_cXabZ\aW\
UhaWXafYebagcebí _!
B`XZTUXf_TZXg`bagXeXf`XWíeX
Ub_gX\UhaWXafYebagcebí _!
B`XZTUXf_TZ
9ebag_\fgXcebí _
Fgb_cX
9ebag_\fgXcebí _
;~aW_\fgX
?¦aZWX
;§]WX
7lUWX
T&##``
U$#(#``
6&##``
T-`Tk!TYfgTaWYeTT_gTa[]§eaXg\_fgb_cXoU-`Tk!TYfgT W`X__X`fgb_cXe o V-`Tk!TYfgTaWYeTfgb_cXg\_lWXei¦Z
&   e¦^i¦e^XeoiXef\ba%!#µ`Tegf%#$#oT_gTaYT^gToT_gTa!W^T"f    
17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mer  end 80% af d  behov f r renovering og forbedrin-
ger, der findes på større beboelsesetageejendomme fra period n ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i den eksisterende f cade o  er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebeha dling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælg , illustreres ved hjælp af en ’ uide’, som 
giver et overblik over, hvorfra og hvortil du kan k mme – g ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmål t 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male ller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filts   
den igen – alternativt kan den pudses, males eller 
efterisoleres. Det endelige valg af metode afhæng r  
af smag og behag samt hensyn til ejendom ens  
nuværende stand, ønske om energiforbedring og 
økonomi.
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solution  for:
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excellent lighti g conditions
excellent housi g conditions
(resulting i a better ov rall living qual ty)
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mer  end 80% af d  behov f r renovering og forbedrin-
ger, der findes på større beboelsesetageejendomme fra period n ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i den eksisterende f cade o  er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebeha dling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælg , illustreres ved hjælp af en ’ uide’, som 
giver et overblik over, hvorfra og hvortil du kan k mme – g ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmål t 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male ller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filts   
den igen – alternativt kan den pudses, males eller 
efterisoleres. Det endelige valg af metode afhæng r  
af smag og behag samt hensyn til ejendom ens  
nuværende stand, ønske om energiforbedring og 
økonomi.
BM
PM
FM
S38
,1'+2/'B),1$/LQGG 
’Gennemtænkte løsni g r og 
standardiserede meto e  gør 
kvalitetssikringen letter , idet all   
sagens parter kender procedurerne’
Flemming Wulff, 
Vedligeholdelseschef, Københavns Ejendomme
05 07
PM
PM
PM
FM
FM
GM
BM
GM
GM01
01
01
01 02 03 06
04 08
01 02 03 04 05
03
01 02
,1'+2/'B),1$/LQGG 
?
energy- fficient uildi g envelop
focusing o  r nova ion 
of 60s/70s prefab housing blocks
highly insulated b ilding envelop
external shafts and building systems
integrated, renewable nergy sources
solution  for:
reduc i n of energy consumption
excellent indoor climate
excellent lighti g conditions
excellent housi g conditions
(resulting i a better ov rall living qual ty) August 18th, 2011 / Jan Schipull
integra d pro uc  eliv ries design d for renovation pr jects
pilot projects existing integrated product del veries vision
Projekt nr. 290Le
t f
ac
ad
e-
og
et
ag
ed
æ
k-
sy
st
em
Let facade- og etagedæk-system 
til renove ing
E
R
H
V
E
R
V
S
-
O
G
B
O
L
IG
S
T
Y
R
E
L
S
E
N
ID
-k
on
ce
pt
et
Udviklings- og demonstrat on projekt 
for industriel baseret kvalitets enovering
Projekt nr 255
,'.RQFHSWHW6LGH
a
b
c
:  max. afstand fra altanhjørne til stolpe
:  max. afstand mellem stolper
:  max. afstand fra stolpe til ydervæg
Fgb_cXUXf_TZXg`bagXeXf`XWgb
Ub_gXZXaaX`fX_iXfgb_cXabZ\aW\
UhaWXafYebagcebí _!
B`XZTUXf_TZXg`bagXeXf`XWíeX
Ub_gX\UhaWXafYebagcebí _!
B`XZTUXf_TZ
9ebag_\fgXcebí _
Fgb_cX
9ebag_\fgXcebí _
;~aW_\fgX
?¦aZWX
;§]WX
7lUWX
T&##``
U$#(#``
6&##``
T-`Tk!TYfgTaWYeTT_gTa[]§eaXg\_fgb_cXoU-`Tk!TYfgT W`X__X`fgb_cXe o V-`Tk!TYfgTaWYe fgb_cXg\_lWXei¦Z
&   e¦^i¦e^XeoiXef\ba%!#µ`Tegf%#$#oT_gTaYT^gToT_gTa!W^T"f    
17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mer  end 80% af d  behov f r renovering og forbedrin-
ger, der findes på større beboelsesetageejendomme fra period n ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i den eksisterende f cade o  er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebeha dling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælg , illustreres ved hjælp af en ’ uide’, som 
giver et overblik over, hvorfra og hvortil du kan k mme – g ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmål t 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male ller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filts   
den igen – alternativt kan den pudses, males eller 
efterisoleres. Det endelige valg af metode afhæng r  
af smag og behag samt hensyn til ejendom ens  
nuværende stand, ønske om energiforbedring og 
økonomi.
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Sustainability in building construction
- different levels of sustainability
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Example: Choice of insultaion thickness:
The graph shows a curve w ere the cost per m2 and year for 
an insultaion material is related to the thickness of the 
insulation. 
You can read from the graph, that the a thickness of 11cm will 
save 79% of the energy consumption in relation to a 
non-insulated construction an thu  eturn a profit of
4,00€/m2 on the investe ent per year.
A thickness of 20cm will save 88% of the energy and return 
the highest profit: 4,26€/m2. This would be the preferable 
solution for the client, regarding the profitability of the 
investement.
At an insultaion thick ess of 35cm, the profit will atch the 
profit from the first p ion: 4,00€/m2, but the savings are 
much higher: 93%.
How to decide?
Normally the second solution, retur ing the greatest profits 
would be to prefer when advising a client. But with regard to 
sustainab ity it can be more correct to use the thi d solution, 
resutking in the g atest energy savings (whil  still returning a 
g od profit).
If you compared the savings ( nd assume that everyone 
ecided on the same thickness of insulation) - the first op  
would result in an energy consumption of 21% of the current 
energy consumption. The second option r sults in only 12% of 
the excisting energy consumption, and the third ptio  would 
leave society with only 7%.
And comparing these figures, 7% equals only a third of the 
resulting energy consumption of option 1 and ca. 60% of
option 2.
August 18t , 2011 / Jan Schipull
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter t ye system til facaderenovering 17 veldefinerede 
facad behandlingsmetoder, som dækker mer  end 80% af d  behov f r renovering og forbedrin-
g r, der findes å større beboelsesetageejendomme fra period n ca. 1850-1950.
Hver af e 17 facadebehandlingsm toder tager udgangspunkt i den eksisterende f cade o  er 
defineret ved summen af facadeafrensning, murerarbejde og overfladebeha dling. 
Hvilke facadebehandlingsmetoder, du kan og bør vælg , illustreres ved hjælp af en ’ uide’, som 
giver et overblik over, hv rfra og hvortil du kan k mme – g ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørgsmål t 
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, male ller 
efterisolere den igen med eksempelvis pudsede batts. 
Isol ing foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt at filts   
den ig n – alternativt kan den pudses, males eller 
efterisol res. Det endelige valg af metode afhæng r  
af smag og behag samt hensyn til ejendom ens  
nuværende stand, ønske om energiforbedring og 
økonomi.
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ALTAN.DK - balconies that can be “attached” to existing buil ings.
The balconies can b  cust mized and there are various design options 
for the client to ch ose from. ALTAN.DK is responsible for the wh le 
process, from planning to the finished balcony.
RINGSTED BUILD  ENTERPRISE (RBE)
systemized processes for the renovation f brick facades
Bathroom pods are fabricated by  variety of producers and can also b  
used in renovation projects.
NCC - prefab installation shaft
NCC’s prefabricated shaft comb nes all process in 
establishing internal uild stall tions into rather 
simple modules, that easily can be setup at the 
construction site. 
0:00 min
The prefab shaft is craned into the 
deck cavity.
0:01 min
The shaft is slowly lowered through 
the cavity.
0:03 min
The shaft module is aligned with 
the previous one.
0:05 min
The shaft is placed, in tallation 
pipes can now be connected 
permanently. 
In other words, if everyone choose option 3 instead of option 1, 
the energy to be provided by(for) a c untry would drop to a 
third,  while returning the sam  prof t on the investment.
Compared to option 2, choosing option 3 w uld mean to 
accept a slightly smaller profit: -0,26€, but avo ding 40% of the 
needed productio  of nergy.
In r spect to the different levels of sustainability, option 2 
would match with the “privat” level, option 3 would mean to 
accept a compromise, but depicts a better solution for the 
“societal” level of sustainabi ity.
August 23rd, 2011 / Jan Schipull
Life-cycle optimization
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Life-cycle optimization
existing facade add-on facade
selected LCA data for add-on facade (Life-cycle: 50 years):
Primary Energy Demand: 
Non-renewable: 877 MJ/m2
renewable: 217 MJ/m2
 
GWP: 70,34 kg/m2 CO2e.
u-value: 0,16 W/m2K 
Primary Energy Demand: 
Non-renewable: 330 MJ/m2
renewable: 134 MJ/m2
GWP: 27,73 kg/m2 CO2e.
u-value: 0,16 W/m2K 
The shearing lay rs of change [Francis Duffy / Steward Brandt]
The long life-cycle f a building causes that many elements with shorter lifetimes will be 
exchanged many times.
Their environmental impacts, but also related cost  add up and become very relevant 
dimensions in a build ng  life 
The building / product life-cycle
The  life cycle of produ ts will gain more relev nce inthe future, as we learn to ccount for he 
environmental impacts of materials.
Reducing the inputs and output and overcoming isposal or incineration scenarios in favour 
of recycling concepts.
DGNB sustainable building certification 30
1 year 25 years 50 years
19
95
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20
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Material (production, maintenance, EoL)
Operation (without user equipment) 
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Source: Dr. Peter Mösle, Drees & Somm
in DGNB International presentation
Relation of Primary Energy Demand: Operation - Materials
The relevance of mat rials for the overall energy bal nc  of buildings
Modern buildings will have low energy d mands. In consequence will the co tribution of the 
used materials to the ov all primary energy demand rise.
For buildings built in 1995 materials only accounted for 8% of the energy demand - demands 
from operational phas  were muc  high r. For future scenarios his picture will change a lot: 
energy demands f om the building operatio get lower and the fraction realt d to materi s will 
rise significantly (from 8% to 42% in the above example)
Optimizing of environmental impacts
With all the gained knowledge on materials and their environmental impacts, build ng 
constructions a  be omptimized in this resp ct. The above example of an outer wall 
constructed with standar insultation materials and using materials with low  environmental 
impacts. While ain aining the same performance, the related primary en rgy demand and 
also CO2 footprint drop to abou 40% of the standard construction.
August 18th, 2011 / Jan Schipull
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Renovation of URBANPLANEN / Copenhagen, Denmark
Urbanplanen was built i  the 1960s, providing over 2500 dwellings 
to the people of Copenhagen. In 2003 it was decided o renovate 
the facades in order to fix severe construction damages - at this tim  
energy demand was not in focus, yet.
The renovation proj ct w s finsihed in 2009 and the renovate facades 
perform quite w ll also in r altion to the new building code (BR10). 
But due to a different focus, th  ergy demand was only reduced by 
20% . 
Architects: JJW arkitekter (jjw.dk)
Contractor: Enemærke+Petersen
SYSBYG Netværksmøde / 7. April 2011 / Jan Schipull
Case studies / Urbanplanen
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Energy demand befo e renov tion:
131,4kwh/m2a
Energy demand after renovation:
109,7kwh/m2a
Haverummet
FÆLLEDENS HAVE                                       
Renovation of FÆLLEDGÅRDEN / Copenhagen, Denmark
Fælledgården - a home for the elderly - was to be enovated m eti g th  last st standards for energy 
demand (30kwh/m2a) and not exeeding 2 years of construction time.
The contractor chose to use as many industrial d prefabricate  building components as possibl  in 
order to cut construction ime, while meeting the high quality standards defined by the clie t.
The project will be finished late 2012.
Architects: JJW arkitekter (jjw.dk)
Contractor: Jönsson
Renovation of HEILMDALSVEJ / Frederikssund, Denmark
Heilmdalsvej was built in the 1970s and has since u ergone some major renovations.
The current facade renovation proj ct will lift the buildings to highest Danis  energy 
standards (30kwh/m2a), using prefabricated wood f ame elements, built after 
PassivHaus standards.
The facade elements were constructed in orde  to be able to exchange the facade of an 
appartment in less than 8 hours - while t e inhabitants are at work.
This cuts down on osts f r m ving people wh le th ir building is renovated and it 
reduces the timespan w re the dwellings cannot fully be used.
Architects: Mangor&Nagel / JJW arkit kter (jjw.dk)
Contractor: Jönsson / UNS4
Complex building elements become sustainable integrated 
product deliveries  for enovation projects.
mass produced, but ustomized building components ca  be 
used in a great number of similar build ng constructions.
sustainabiltiy spreads. Int grated product deliveries have 
made it simple o renovate, at defined costs and low risks.
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The Royal Danish Academy of Fine Arts
Schools of Ar itecture, Design and Conservation 
School of Architecture
Institute of Architectural Techn logy / CINARK
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SU TAINABLE INTEGRATED PRO UCT ELIVERI S
IN RENOVATI N AND NEW BUILDING CO STRUC ION
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integrated product eliveries in the danis  building ec or
approach  t  u tainability
case studie
<1970
kWh/m2a
200
300
100
400
DK average
BR61: max. 360kWh/m2a
2000 
2010 
2015 
2020 
BR79: 180kWh/m2a
BR95: 110kWh/m2a
BR06: ca.85kWh/m2a
LK2: ca.65kWh/m2a
LK1: ca.40kWh/m2a
LK0: ca.20kWh/m2a
percentage of dwellings
after year of construction
1990
1980
100% = 2010 
background (Denmark)
2010:
1.534.526 residential buildings n D nmark, containing
2.539.436 dwellings/appartments
56,6 years is the av rage lifetim  of a residential build ng
60% of all residential buildings are older than 40 yea s
23% of all residential buildings are older than 40 yea s
33% of the danish housing stock wa  buil  bet ee  1950 og 1975
30% of Denmark’s energy consumption is related to housholds.
1,3% of the danish building stock was build after 2008. The year the new energy focus d building co e came int effect.
37% of all dwellings re found in multi-storey build ngs
35% of all residential mult -storey build ngs re owned by social housing ompanie .
57% of these buildings are bu lt betwe n 1950 and 1975.
1% of all Danes live in multi-storey build ngs owned by social housing ompanie  (2011).
proportion of dwellings
after year of cons ruction
and energy consumption (2010)
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perce tage of dw lli gs after buildi  typ logy
private owners
social housing companies
companies
public insitutions
owner-occupied
other
cooperativly owned
row and semi-detached houses
multi-storey buildings
other
detached houses
[source: Danmarks Statistik, dst.dk]
privat - economy, living quality
local - identity, environment, economy [e.g. job s tuation]
societal - environment, use of ressources, conomy
Sustainablitiy in building co struct on
- differenent levels of s s ainability
social
sustainability
ecological
sustainability
economical
sustainability
August 18th, 2011 / Jan Schipull
Sustainability in building construction
- different levels of sustai ability
privat
local
societal
privat - economy, living qual ty
local - identity, environment, economy (e.g. job situtation)
societal - environmental, use of ressources, conomy
social
sustainability
economical
sustainablity
environmental
sustainability
the “three pillars of susta n bility”
August 18th, 2011 / Jan Schipull
integrated produc  deliveri s des gn d for ren vati n projec s
pilot pr jects existing integrated product eliv ri s vision
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Udviklings- og demonstrationsprojekt 
for industriel baseret kval tetsrenovering
Projekt nr 255
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a
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:  max. afstand fra altanhjørne til stolpe
:  max. afstand mellem stolper
:  max. afstand fra stolpe til ydervæg
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mere end 80% af de beh v for renovering og for dri -
ger, der findes på større beboelsesetageejendomme fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i d n eks sterende facade og r 
defineret ved summen af facadeafrensning, mur rarbej e og overfladebehandli g. 
Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guid ’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørg måle  
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, mal  eller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt a  filtse  
den igen – alternativt kan den pudses, males eller  
efterisoleres. Det endelige valg af metode afhænger  
af smag og behag samt hensyn til ejendommens  
nuværende stand, ønske om energiforbedri g og 
økonomi.
BM
PM
FM
S38
,1'+2/'B),1$/LQGG 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’Gennemtænkte løsninger og 
standardiserede me oder gør 
kvalitetssikringen lettere, idet alle  
sagens parter kender procedur ne’
Flemming Wulff, 
Vedligeholdelseschef, Københavns Ej ndomme
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e ergy-effi ient buildin env lope
foc sing n re ovation 
 60s/70s prefab housing blocks
highly insulated b i ding envelope
external shafts and buildi g systems
integrated, renewabl  energy sources
solutions for:
reduction of energy co sumption
excellent indoor cl mate
excellent lighting cond tions
excellent housi g nd tions
(resulting i a better overall living quality) 
August 18th, 2011 / Jan Schipull
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mere end 80% af de beh v for renovering og for dri -
ger, der findes på større beboelsesetageejendomme fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i d n eks sterende facade og r 
defineret ved summen af facadeafrensning, mur rarbej e og overfladebehandli g. 
Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guid ’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørg måle  
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, mal  eller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt a  filtse  
den igen – alternativt kan den pudses, males eller  
efterisoleres. Det endelige valg af metode afhænger  
af smag og behag samt hensyn til ejendommens  
nuværende stand, ønske om energiforbedri g og 
økonomi.
BM
PM
FM
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energy-efficient uildin nv lop
focusing n re ovation 
of 60s/70s prefab housing blocks
hi hl  nsulated b i ding envelope
xternal shafts and buildi g systems
integrated, renewabl  energy sources
solutions for:
reductio  f energy co sumption
excellent indoor cl mate
excellent lighting cond tions
excellent housi g nd tions
(resulting i a better overall living quality) Augu t 18th, 2011 / J  Schipull
integrated produc  deliv ri s des gn d fo  ren vati n proj c s
pilot projects existing integrated product liveries vision
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Udviklings- og demonstrationsprojekt 
for industriel baseret kval tetsrenovering
Projekt nr 255
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17 RENOVERINGS- 
METODER 
På baggrund af grundige analyser omfatter det nye system til facaderenovering 17 veldefinerede 
facadebehandlingsmetoder, som dækker mere end 80% af de beh v for renovering og for dri -
ger, der findes på større beboelsesetageejendomme fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i d n eks sterende facade og r 
defineret ved summen af facadeafrensning, mur rarbej e og overfladebehandli g. 
Hvilke facadebehandlingsmetoder, du kan og bør vælge, illustreres ved hjælp af en ’guid ’, som 
giver et overblik over, hvorfra og hvortil du kan komme – og ikke komme!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renovere dig til alle fire slutresultater: Blank mur igen, 
pudset, filtset eller grøn (facadeisoleret). Spørg måle  
er således mere, hvad der klæder facaden, og hvilke 
klausuler og offentlige begrænsninger, der findes. Er 
du i tvivl, anbefales du altid at kontakte en rådgiver. 
Fra Pudset mur ( PM )
Èn gang pudset … Selvfølgelig kan en pudset facade 
ændres; men det mest oplagte er at pudse, mal  eller 
efterisolere den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt a  filtse  
den igen – alternativt kan den pudses, males eller  
efterisoleres. Det endelige valg af metode afhænger  
af smag og behag samt hensyn til ejendommens  
nuværende stand, ønske om energiforbedri g og 
økonomi.
BM
PM
FM
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energy-efficient building v lope
focusing n re ovation 
of 60s/70s prefab housing blocks
ighly insulated b i ding envelope
external shafts and buildi g syst ms
integrated, renewabl  energy sources
solutions for:
reduction of energy co sumpti
excellent indoor cl mate
excellent lighting cond tions
excellent housi g nd tions
(resulting i a better overall living quality) 
an example
August 18th, 2011 / Jan Schip ll
Sustainability in building construc ion
- different levels of susta nability
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source: Hermelink, A. 2009
energysavings: 79%
profit/m2a: 4,00EUR
nergysavings: 88%
profit/m2a: 4,26EUR
energysavings: 93%
profit/m2a: 4,00EUR
minimal
thickness
of insulation,
good profit
most profitable
thickness
of insulati n
greatest
energy savings,
g od profit
thickness of insulation
[source for calulati n: A.Hermelink, 2009]
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Example: Choice of insultai n thick ess:
The graph shows a curve where the cost per m2 and year for 
an insultaion material is rel ted to the thickness of he 
insulation. 
You can read from the graph, that the a thickness of 11cm will 
save 79% of the energy consumption in relation to a
non-insulated construct on and thus ret r  a profit f 
4,00€/m2 on the investement per year.
A thickness of 20cm will sav  88% of the energy and return
the highest profit: 4,26€/m2. This would be the e erable 
solution for the client, regarding the prof tability of t  
investement.
At an insultaion thickness of 35cm, e profit will ma ch the 
profit from the first opt on: 4,00€/m2, but the savings are 
much higher: 93%.
How to decide?
Normally the sec nd solution, returning the greates  profits 
would be to prefer hen advising a client. But with regard to 
sustain bil ty it can be more correct to use the third solution, 
resutking in the greatest e ergy saving  (while still returning a 
go d profit).
If you compared the savings (and assume that eve yone 
decided on the s me thick ess of insulation) - the first option 
would result in an en gy consumption of 21% of the current 
energy consumption. The second option results in only 12% of 
the excisting energy consumption, and the third option would 
leave the s ciety with only 7%.
A d comparing these figures, 7% equals only a third of the 
resulting energy cons mption of opti  1 a d ca. 60% of 
option 2.
August 18th, 2011 / Jan Sc ipul
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Udviklings- og demonstrationsprojekt 
for indus ri l baseret kval tetsrenovering
Projekt nr 25
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a
b
c
:  max. afstand fra ltanhjørne til stolpe
:  max. afstand mellem stolper
:  max. afstand fra stolpe til ydervæg
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17 I - 
 
På baggrund af grund ge analyser omfatter det nye system til facader novering 17 veldefiner de 
facad behandlingsmetod r, som dækker mer  nd 80% af de beh v for renovering og for dri -
r, der findes på større beboelsesetageej ndom e fra perioden ca. 1850-1950.
Hver af de 17 facadebehandlingsmetoder tager udgangspunkt i d n eks ter nde facade og r 
definer t ved sum en af fac afrensni g, mur arbej e og overfladebehandli g. 
Hvilke facadebehandlingsmetoder, du k n og bør vælge, illustre s ved hjælp af en ’guid ’, som 
giver et overblik over, hvorf a og hvortil du kan kom e – og ikke kom e!
Fra Blank mur ( BM )
Med en blank mur (murstensfacade) kan du i princippet 
renover  di  til alle fire slutresulta er: Blank mur igen, 
pudset, filtset eller grøn (facadeisoler t). Spørg måle  
er således mer , hvad er klæder facaden, og hvilke 
klausuler og offentlige begrænsni ger, der findes. Er 
du i tvi l, anbefales du altid at kontakte n rådgiver. 
Fra Pudset mur ( PM )
Èn gang puds t … Selvfølgelig kan en pudset facade 
ændres; m n det mest oplagte r at pudse, mal  ller 
efteri oler  den igen med eksempelvis pudsede batts. 
Isolering foretages ofte på gavle og bagfacader.
Fra Filtset mur ( FM )
Står du med en filtset facade, er det oplagt a  filtse  
den igen – alternativt kan den pudses, males eller  
eft risoler s. Det endelige valg af metode afhænger  
af s ag og behag samt hensyn til ej ndom ens  
nuværende stand, ønske om energiforbedri g og 
økonomi.
B
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ALTAN.DK - balconies that can e “attached” to existing buildings.
The balconies can be customiz d and there are various sign ptions 
for the client to cho se from. ALTAN.DK is esponsible f r the whole 
process, from planning to the finished balcony.
RINGSTED BUILDING ENTERPR SE (RB )
systemized processes for th  renovation of brick facades
Bathroom pods are f bricated by a variety f produce s and can also be
used in renovation projects.
NCC - prefab installation sha t
NCC’s prefabricated shaft com ines all process in 
establishing internal bui ding installations nto rath r 
simple modules, that easily can b  setup at the 
construction site. 
0:00 min
The prefab shaft is craned into the 
deck c v ty.
0:01 min
The shaf  is slowly low red through 
the cavity.
0:03 min
The haft module is aligned with 
the previous one.
0:05 min
Th  shaft is placed, install tion 
pipes can now be connected 
permanently. 
In other words, if everyone choose option 3 instead o ti  1, 
he energy to b  provided by(for) a country would drop to a 
third,  while returnin  the same profit on investme t.
Compared o opt on 2, choosing 3 would mean o 
accept a slightly small r profit: -0,26€, but avoiding 40% of the 
needed production of energy.
In respect to he diffe nt levels of sustainability, option 2 
would match with the “privat” level, option 3 would mean o 
accept a compr mis , but depicts a bett r solution f r th  
“s cietal” l ve  of su tainability.
August 23rd, 2011 / Jan Schipull
Life-cycle optimization
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Life-cycle optim zation
existing facade add-on facade
selected LCA data for add-on facade (Life-cycle: 50 years):
Primary Energy Demand: 
Non-renewable: 877 MJ/m2
renewable: 217 MJ/m2
 
GWP: 70,34 kg/m2 CO2e.
u-value: 0,16 W/m2K 
Primary Energy Demand: 
Non-renewable: 330 MJ/m2
renewable: 134 MJ/m2
GWP: 27,73 kg/m2 CO2e.
u-value: 0,16 W/m2K 
The shearing layers of change [F ancis Duffy / Steward Brandt]
The long life-cycle of a building causes that many el ments with shor er lifet me  will be 
exchanged many times.
Their environmental impacts, but so rela ed costs add up and become very relevant
dimensions in a buildings life 
The building / product life-cycl
The  life cycle of products will gain more relevance inth  future, as we l arn to account o  the
environmental impacts of mat rials.
Reducing the inputs a d output and overcoming disposal r cineration sce ar os in favour 
of recycling concepts.
DGNB sustainable building certification 30
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Source: Dr. Peter Mösle, Drees & Somm r
in DGNB International prese tation
Relation of Primary Energy Demand: Operation - Materials
The relevance of materials for the over l nergy bal nce of buildings
Modern buildings will have low en gy demands. In consequenc  will th  contribution of the 
used materials to the overall primary energy de nd rise.
For buildings built in 1995 materials only accounted for 8% of the ene gy deman - demands 
from operational phase were much higher. For futur scenarios this picture will chang  a lot: 
energy demands from th  buil ing operatio get l wer and the fraction realted t  materials will 
rise significantly (from 8% to 42% n the b ve exa pl )
Optimizing of environmental impacts
With all the gained knowled e on materials a d their nvironmental impacts, building 
constructions can be omptimized in this re pect. The above exampl of an outer wall 
constructed with standard insultatio  mater als nd using m er als with lower enviro mental 
impacts. While maintaining the s me performance, the elat d primary nergy de nd nd 
also CO2 footprint drop to about 40% o  the stan ard c nstr ction.
August 18th, 2011 / Jan Schipull
0,50
W/m2K
0,66
W/m2K
2,11
W/m2K
0,31
W/m2K
Tag:
0,57
W/m2K
0,76
W/m2K
1,8
W/m2K
0,87
W/m2K
Case studies / Urbanplanen
August 18th, 2011 / Jan Schipull
Case studies / Urbanplanen
0,14
W/m2K

:P.

:P.
0,16
W/m2K
7DJ

:P.
0,23
W/m2K
1,1-1,2
W/m2K
0,17
W/m2K
0,66
W/m2K
2,11
W/m2K
Tag:
0,57
W/m2K
Renovation of URBANPLANEN / Copenhagen, Denmark
Urbanplanen was uilt in the 1960s, providing over 2500 wellings
to the people of Copenhagen. In 2003 it was decid d to renovate 
the facades in order to fix sever construction amages - at this time 
energy demand was not in focus, yet.
The renovation project was finsi d i  2009 and the renovated facades 
perform quite well also in realtion to the new building cod  (BR10). 
But due to a different focus, the energy demand was nly reduced by 
20% . 
Architects: JJW arkitekter (jjw.dk)
Contractor: Enemærke+Peters n
SYSBYG Netværksmøde / 7. April 2011 / Jan Schipull
Case studies / Urbanplanen
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Energy demand before renovation:
131,4kwh/m2a
Energy demand after renovatio :
109,7kwh/m2a
Haverummet
FÆLLEDENS HAVE                                          
Renovation of FÆLLEDGÅRDEN / C penhagen, Denmark
Fælledgården - a home for the eld rly - was to be renovated me ting the lastest stand rds for nergy 
demand (30kwh/ 2a) and not exee ing 2 years of co struc ion time.
The contractor chose to use as many ind strial and prefabric ted building components as p ssible i  
order to cut constructi n time, while mee ng the high quality standards defin d by the c ent.
The project will be finished late 2012.
Architects: JJW arkitekter (jjw.dk)
Contractor: Jönsso
Renovation of HEILMDALSVEJ / Frederikssund, nmark
Heilmdalsvej was built in the 1970s and has since undergone some major re ovations.
The current facad renova ion project will lift the buildings o ighest Danis  energy 
standards (30kwh/m2a), using prefabricated wood frame lements, built after 
PassivHaus stand rds.
The facade elements were constructed in order to b  able to xchange the facade of an 
appartment in less than 8 hours - w ile the inhabitants ar at work.
This cuts down on costs for movi g people while their building is r novated and it 
reduces the timespan where th  dw llings cannot fully b us . 
Architects: Mangor&Nagel / JJW arki ekter (jjw.dk)
Contractor: Jönsso  / UNS4
Complex building ele e ts b come sustainabl  integrated 
product deliveries  f r renovation projects.
mass produced, but customized building c ponents can be 
used in a gr at umber of similar building constructi .
sustainabiltiy spreads. I tegrated pro uct d liveries ha  
made it simpl to renovate, at defined cos s and low risks.
Integrated roduct D liv ri s (IPD) - Examples
Alt n.dk - “th  balcony dr am” RBE (Ringsteds Byggeenterprise) - Renovation of masonry facades Bathroom pods
NCC - prefab shaft sytstem Installation of the shaft system at the residential care home for the eldery, Ørestaden / Copenhagen  / JJW arkitekter 
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Life Cycle Thinking and Integrated Product Deliveries in renovation projects:
Extending the concept of Integrated Product Deliveries with Product Service Systems
Sustainable Integrated Product Deliveries
Sustainability has not been a key parameter in the development of recent IPDs
but,
use of low-maintenance and/or certified materials (e.g. altan.dk)
reduction of material use and efficient production in factories (e.g. NCC shaft)
focus on working environment at the production facilities
Source: Beim, A., J. Nielsen, K. Sanchez Vibæk. 2010. Three Ways to assemble a house. KADK.
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Sustainable Integrated Product Deliveries
1
sustainable by design:
material choice,
production method,
longevity / robustness 
potential for recycling/reuse
e.g. use of sustainable materials
to reduce initial environmental impacts
socially responsible production
optimal lifetimes for product purposes
reuse / recycling concepts and guarantee
2
sustainable through operation:
use of the IPD increases the
sustainabilty of a building project
e.g. technical solutions to reduce
energy consumption
systems that allow easy adaption / use 
change
service that affects user behaviour
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Case studies
Lifecycle stages and responsibilities
URBANPLANEN
FÆLLEDGÅRDEN
HEIMDALSVEJ
raw material extraction production construction use + maintenance end-of-life
ENEMÆRKE+PETERSEN
?
?JÖNSSON / UNS4 / ÖHS
KAB
DOMEA
JÖNSSONTAASINGE
BRØNDBY STRAND ?ENEMÆRKE+PETERSEN BRØNDBY BOLIGS.
?KAB
+TEAM 100% (JJW arkitekter)
+WITRAZ arkitekter
+Mangor Nagel / (JJW arkitekter)
+JJW arkitekter
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URBANPLANEN
FÆLLEDGÅRDEN
HEIMDALSVEJ
raw material extraction production construction use + maintenance end-of-life
ENEMÆRKE+PETERSEN
?
?JÖNSSON / UNS4 / ÖHS
KAB
DOMEA
JÖNSSONTAASINGE
BRØNDBY STRAND ?ENEMÆRKE+PETERSEN BRØNDBY BOLIGS.
?E+P SERVICE
+TEAM 100% (JJW arkitekter)
+WITRAZ arkitekter
+Mangor Nagel / (JJW arkitekter)
+JJW arkitekter
knowledge
Case studies
Lifecycle stages and responsibilities
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Extending IPDs towards Product Service Systems (PSS)
”The sale of products does not encourage a closed cycle economy 
because at the point-of-sale the responsibility for the user phase and 
the disposal is transferred to the customer; it is the customer who 
decides what is to happen to the product after use.
The sale provides no incentive for the manufacturer to supply goods, 
which have a long life or are reusable.”
(Mont, O., 2000. Product Service Systems, p.35)
Sustainable Innovation 2012 / Alanus University, Bonn / 2012.10.30 Jan Schipull Kauschen // CINARK+JJW
Life Cycle Thinking and Integrated Product Deliveries in renovation projects:
Extending the concept of Integrated Product Deliveries with Product Service Systems
Extending IPDs towards Product Service Systems (PSS)
The system supplier controls all life cycle stages, from production to end-of-life
sourcing of greater amounts of raw materials allows upstream influence
or
reuse of materials will lower the necessary new, raw material input
Clients are offered a one-stop solution for the construction project and maintenance during 
the use stage, as well as greater economic confidence in building and maintenance costs
-> a building solution can be offered
challenges for system suppliers in the building branch:
great uncertainty caused by long life cycle (50 years + )
low value of building materials -> low incentive for remanufacturing / re-use / recycling
legal issues concerning ownership of building components
legal issues with ownership of product-related rights -> open system?
URBANPLANEN
FÆLLEDGÅRDEN
HEIMDALSVEJ
raw material extraction production construction use + maintenance end-of-life
SYSTEM SUPPLIER / SYSTEM OWNER
?
?JÖNSSON / UNS4 / ÖHS
KAB
DOMEA
JÖNSSONTAASINGE
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Extending IPDs towards Product Service Systems (PSS)
“A product-service system (PSS) is
• a pre-designed combination of products and services in a market that 
can fulfil consumers’ needs; and
• a de-materialised solution to consumer needs and preferences; 
(“leasing” / “service”)
• a result of rethinking of the product value chain and ways of delivering 
utility to customers that will have a smaller environmental impact than 
separate products and services outside the system.”
(Mont, O., 2000. Product Service Systems)
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Extending IPDs towards Product Service Systems (PSS)
“A product-service system (PSS) is
• a pre-designed combination of products and services in a market that 
can fulfil consumers’ needs; and
• a de-materialised solution to consumer needs and preferences; 
(“leasing” / “service”)
• a result of rethinking of the product value chain and ways of delivering 
utility to customers that will have a smaller environmental impact than 
separate products and services outside the system.”
(Mont, O., 2000. Product Service Systems)
IPDs
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Extending IPDs towards Product Service Systems (PSS)
“A product-service system (PSS) is
• a pre-designed combination of products and services in a market that 
can fulfil consumers’ needs; and
• a de-materialised solution to consumer needs and preferences; 
(“leasing” / “service”)
• a result of rethinking of the product value chain and ways of delivering 
utility to customers that will have a smaller environmental impact than 
separate products and services outside the system.”
(Mont, O., 2000. Product Service Systems)
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Life Cycle Thinking and Integrated Product Deliveries in renovation projects:
Extending the concept of Integrated Product Deliveries with Product Service Systems
“A product-service system (PSS) is
• a pre-designed combination of products and services in a market that 
can fulfil consumers’ needs; and
• a de-materialised solution to consumer needs and preferences; 
(“leasing” / “service”)
• a result of rethinking of the product value chain and ways of delivering 
utility to customers that will have a smaller environmental impact than 
separate products and services outside the system.”
(Mont, O., 2000. Product Service Systems)
Extending IPDs towards Product Service Systems (PSS)
IPDs
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Design Strategies and PSS
4R’s (repair, renovation, reuse, recycle) / Product-Life Extension 
(Davis 1977, Stahel 1982)
Shearing Layer Strategy
(Brand/Duffy 1995)
Design for Disassembly / Design for Deconstruction
(Fletcher 2000, Crowther 2000)
-> plan/design lifecycles
-> think the lifecycle of the building in layers
-> enable the exchange of components without affecting other 
components
-> components: allow recovering of “clean” materials (if the 
components cannot be reused)
Design for Disassembly:
Cellophane House
Kieran Timberlake, 2008
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Design Strategies and PSS
 
 
Figure 3  Possible End-of-life Scenarios for the Built Environment 
 
production / manufacturing use phase
1: REUSE
2: REPAIR
3: RECONDITIONING
4: RECYCLING  
INPUTS
raw materials
energy
OUTPUTS
emissions
waste
(energy)
4
3
2
1
DfD: Possible end-of-life scenarios for the built environment
Source: Crowther, P. 2000. Developing an inclusive model for design for deconstruction.
Replenishing Loops (the 4 Rs)
Source: Stahel, W. 1982. Product Life Factor.
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STUFF
SPACE PLAN
SERVICES
SKIN
STRUCTURE
SITE
Design Strategies and PSS
Building layers and the cost perspective
traditional view on
building costs
space plan
5-7 år
services
15-20 år
structure
50 år +
accumulated
building costs
after 50 years
space plan
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services
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structure
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Stewart Brand, 1995 / How Buildings Learn Stewart Brand, 1995 / How Buildings Learn, diagram by DEGW, Francis Duffy
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STUFF
SPACE PLAN
SERVICES
SKIN
STRUCTURE
SITE
Design Strategies and PSS
Building layers and environmental impacts
Stewart Brand, 1995 / How Buildings Learn Source: Cradle-to-cradle Denmark (Vugge til vugge.dk)
Life-Cycle Assesment and Life-Cycle Costing (LCC)
Importance of operational- / use-phase
A building is a material bank
Dutch waste company + furniture producers - new conceptoperation- / use-phase
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Design Strategies and PSS
Dominique Millet, 2003 / Integration de l’environment en conception
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Business opportunities and stakeholder risk-management
PSS will allow new ways of sustaining business in the construction sector:
the concept of product-life extension
- will create long-term relationships and dependencies between system owners 
and clients
- new business opportunities in refurbishing, reconditioning and reuse of system 
components
- more labour intensive, but less use of resources (refurbished/reused compo-
nents avoid the production of new componentes -> less use of new materials)
-> contractor as an ESCO?
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Business opportunities and stakeholder risk-management
Advantages for clients:
better economical security (construction + operation)
high product quality (industrialised fabrication + extended responsibility)
defined product services (e.g. max. transmission losses, day light factors, 
comfort)
professional operation and maintenance (through system supplier / owner)
but also:
less environmental impacts
less use of resources
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Jan Schipull Kauschen
Architect MAA, Dipl.-Ing. (Arch)
CINARK - Centre for Industrialised Architecture + JJW arkitekter, Copenhagen
jan.kauschen@kadk.dk
www.cinark.dk
The Royal Danish Academy of Fine Arts
Schools of Architecture, Design and Conservation 
School of Architecture
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1 beklædning (inde) 45 - 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 underkonstruktion 50 2 - 2 2 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 numbervalue average value
3 isolering (inderside) 40 2 3 - 2 0 0 0 0 1 0 1 0 0 0 0 0 0 0 relations 83 133 1,60
4 dampspærre 40 0 3 1 - 0 0 0 0 2 0 0 0 0 0 0 0 0 0 relations in clusters 44 82 1,86
13 altan 60 1 1 1 1 - 3 3 1 1 1 1 1 1 0 0 0 0 0 ratio (1=best) 0,53 0,62 1,16
6 bærende konstruktion (beton) 120 1 1 1 1 2 - 2 2 1 1 1 1 1 0 0 0 0 0
7 konsoler (stål) 80 0 0 0 0 2 3 - 2 0 0 0 0 0 0 0 0 0 area of DSM 156
8 facadekonstruktion (bærende) 70 0 2 0 0 2 3 3 - 2 0 1 1 1 0 0 0 0 area of clusters 48
5 vindue 25 1 1 1 2 1 1 1 3 - 1 1 1 1 0 0 0 0 0 ratio (0=best) 0,31
10 vindspærre 40 0 0 0 0 0 0 0 2 2 - 1 3 1 0 0 0 0 0 0 0 0 0
9 isolering 40 0 0 1 1 0 0 0 3 2 1 - 2 1 0 0 0 0 0 score 1,00 0 0
11 underkonstruktion beklædning (ude) 60 0 0 0 0 0 0 0 3 1 2 2 - 2 0 0 0 0 0 0 0 0 0
12 beklædning 55 0 0 0 0 0 1 0 1 1 1 0 3 - 0 0 0 0 0 0 0 0 0
Design Structure Matrix (DSM) - 
clustering
1 affects type/performance
2 direct connection
3 structurally depended
STRUCTURE
SKIN
SKIN
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facade with standard insulation material (U-Value: 0,16W/m2K)
facade with environmentally favourable materials (U-Value: 0,16W/m2K)
weighted results for a 20 year life cycle (DGNB weighting):
Chart 1a: Comparison of environmental impacts for standard and optimized materials over a 20 year life cycle, weighted results 
mineral wool
wood fibre 
insulation
-30%
75-200 kr/m2
40-160 kr/m2
+25%
Choice of materials and environmental impacts
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Die Entwicklung des entsprechenden Kontraktes für Spitzenlast verläuft relativ parallel, aller-
dings auf deutlich höherem Niveau. Auch hier hat sich der Preis innerhalb der gleichen Zeit-
spanne mehr als verdoppelt. Er ist vom 1. Oktober 2003 bis heute von 55,55 Euro/MWh auf 
119,50 Euro/MWh angestiegen. 
Neben Grund- und Spitzenlast können auch die Stundenpreise analysiert werden. Hier zeigt 
sich eine sehr starke Volatilität. Beispielsweise beträgt der Preis für Stundenkontrakte am 18. 
Juli 2008 zwischen 24,05 Euro/MWh und 110,57 Euro/MWh. 
Um aus den historischen Daten für die zukünftige Entwicklung Strompreise abzuleiten, steht 
uns allerdings nur ein recht kurzer Zeitraum zur Verfügung. Die Europäische Energiebörse 
stellt aus täglichen Beobachtungen ermittelte historische Quartalsdaten für Phelix Baseload 
vom 3. Quartal 2000 bis zum 2. Quartal 2008 zur Verfügung. Diese Durchschnittspreise zei-
gen einen sehr deutlich ansteigenden Verlauf. Im 3. Quartal 2000 lag der durchschnittliche 
Preis für Grundlast bei 16,9 Euro/MWh, während er im gerade abgelaufenen Quartal bei 65,5 
Euro/MWh lag. Diese Preisinformationen wurden herangezogen, um den (nichtlinearen) 
Trend in den historischen Daten zu schätzen. Die Daten scheinen stationär um einen deter-
ministischen Trend zu sein, zumindest kann die Hypothese der Einheitswurzel auf dem 10-
Prozent-Niveau zugunsten eines linearen Trends verworfen werden. Aufgrund des sehr kur-
zen Stützzeitraums mit 32 Beobachtungen ist allerdings eine langfristige Prognose mit sehr 
hoher Unsicherheit behaftet.  
Schätzt man ein lineares Trendmodell, dann würde der Strompreis am Ende des Simulati-
onszeitraums bei 115 Euro/MWh liegen. Nimmt man dagegen einen quadratischen Trend an, 
dann würde der Preis Ende 2020 bei 255 Euro liegen. Berücksichtigt man dagegen neben 
dem quadratischen Trend auch noch den Vorquartalswert, dann würde der Preis bei über 
260 Euro/MWh liegen. In diesem Modell wird, gemessen an dem bereinigten R2, 62,8 Pro-
zent der Varianz der Strompreisentwicklung erklärt. Alle Variablen des Modells sind signifi-
kant von null verschieden. Die Preisvolatilität der letzten Jahre liegt bei diesem Modell fast 
immer innerhalb des Prognoseintervalls. Unter Berücksichtigung des 2-fachen Standardfeh-
lers bei der Prognose ergibt sich folgendes Bild: 
Abbildung 14: Prognose der Stormpreisentwicklung für Grundlast mit einem quadratischen 
Trend 
 
Quelle: EEX, eigene Berechnungen. 
Electricity price development scenarios
Sustainable Innovation 2012 / Alanus University, Bonn / 2012.10.30 Jan Schipull Kauschen // CINARK+JJW
Life Cycle Thinking and Integrated Product Deliveries in renovation projects:
Extending the concept of Integrated Product Deliveries with Product Service Systems
